IntroductIon
The evolution of modern nutrition therapy (NT) began in the mid 1940's as physicians managed a large number of wounded soldiers and civilians. Over time, they noticed a correlation between patient outcomes and perioperative nutrition. In the 1950's and 60's, clinicians advanced their investigation of NT's role in critically ill patients by varying the nil per os (NPO) status of patients while attempting to optimize patient outcomes. 1 In 1986, a trauma group at the University of Washington in Seattle published a randomized clinical trial comparing enteral nutrition (EN) with parenteral nutrition (PN), confirming the importance of EN as an integral component of medical management. 2 In the past decade, researchers and clinicians have increased our knowledge of optimizing the nutritional management in patients. These research driven attempts to understand how nutrition improves wound healing and recovery from critical illness have led to the current publication of American, Australian, Canadian, and European guidelines for NT (see Table 1 ). [3] [4] [5] [6] [7] These guidelines are needed since nearly 40% of patients admitted to the hospital are malnourished at admission and over 2/3 of hospitalized patients experience deteriorating nutritional status while under "proper" hospital care. 8, 9 Despite increased awareness of the importance of nutrition for recovery from critical illness, there remains a large gap between recommendations and application. Studies in the United States report that the percentage of critically ill patients attaining NT goals within the first 72 hours varies from 30% to 85%.
3 One of the reasons behind this deficit may be a lack of education in healthcare providers. Most medical train-ing programs in the US have limited exposure to nutrition education, and studies have shown a notable discordance between nutrition knowledge and application among physicians, fellows, and residents. 8, [10] [11] [12] [13] This disunity in nutrition management in medical professionals is worrisome and identifies an opportunity to improve outcomes through education.
GuIdelInes
In 1926 the first intensive care unit (ICU) was developed at Johns Hopkins University. Initially, the role of NT was acknowledged as a minor adjunctive therapy. The evolution of NT over the past century has led to a sophisticated, proactive therapy that definitely affects patient outcomes, and national guidelines have continually evolved. While the value of these guidelines is rarely refuted, many healthcare providers either trust their own experience-based knowledge or do not have the means needed to comply with them. 14 Thus, these obstacles reduce the practical application of guidelines internationally.
Barriers to NT implementation have been studied several ways. One method of addressing this issue is the utilization of standardized protocols. 15 This approach has revolutionized medical outcomes in other fields, and its influence is further supported by studies suggesting that protocols for NT improve compliance with the established guidelines and optimize patient outcomes. Education programs are being thoroughly investigated to promote provider confidence with the literature and national guidelines. Preliminary studies are positive and show increased short-and long-term compliance with the guidelines after minimal, but consistent, training programs. 8, 10, 11 educAtIonAl competence of heAlthcAre professIonAls Physicians at Rush University Medical Center were surveyed to ascertain their understanding and application of NT. 8 All groups, attending physicians, fellows, and residents, agreed and placed high value (4.5 out of 5 point scale) on the significance of nutrition in the outcomes of critically ill patients. Next they were questioned on their comfort level with the NT offered at their institution. Again, all three groups voiced similar responses but rated their comfort as 3.5 out of 5. The study also surveyed their knowledge about the initiation of enteral feeding (EF). The group's responses ranged from waiting 1.8 days of NPO status to 2.6 days, with the overwhelming majority choosing EN over PN. While these scores are not significantly different from one another, the amount of variation increases with the complexity of management questions. When asked about more complex management, clearly addressed by national guidelines, the percentage of responses held near an even 50:50. In these situations, patient management is essentially determined by the flip of a coin. Understanding the effects of post-pyloric feeding tube placement or whether an ileus is an absolute contraindication is straightforward management question, which ought to be stressed during ICU training, yet they still returned a 50:50 response.
This study does not report unique findings. Darawad, et al. and others also reported that healthcare professionals commonly understand the significance of nutrition in managing patients, but their knowledge is inadequate. 13, 16, 17 Even in hospitals with competent staff and trained professionals, nutritional support was sporadic and hampered by inconsistency and miscommunication.
Current NT education is limited throughout the United States. Indeed, healthcare professional training programs sparsely address the basic science and clinical skills associated with NT. 16 For example, US-based medical schools are required to provide only 10 hours of lecture devoted to NT education. Even though the American Society for Parenteral and Enteral Nutrition (ASPEN) recommends spending 25 hours covering NT, only 33% of medical schools actually attain this objective.
11, 16 One study recently demonstrated optimal implementation of NT education as an integrated course, one in which students learn the management of drugs, surgery, and fluids and electrolytes associated with NT. This model of education increased both short-and long-term memory of the national guidelines and produced more unified and consistent management. 16 Programs should develop a system that incorporates residents, fellows,
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In an attempt to mitigate this discordance and improve provider confidence in NT, we analyzed recently published studies to determine the issues that were commonly reported. [8] [9] [10] [11] [12] The results indicate that delayed initiation of EN, determination of total caloric need, utility of residual volumes, interruptions of tube feeding, and prolonged fasting periods were the is- Table 1 sues with highest discordance rates. We will briefly address each of these.
Delayed initiation of EN
The national guidelines for initiation of EN are similar across the board and state that EN should be initiated within the first 24-48 hours following admission (see Table 1 ). However compliance with
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with this guideline is poor, with multiple reasons often given as justification for delaying the start of EN, including uncertainty of whether EN will be required or impending extubation in an intubated patient. Several studies of NT education programs implemented in training hospitals reported higher rates of early EN initiation (pre-educational program 24% vs. post-educational program 60%) and more adequate EN management as a percentage of goal (pre-EP 74% vs. post-EP 96%) after completion of the NT course.
10,15
The outcomes of compliance with this single guideline have not been studied, but when incorporated with the observance of multiple guidelines, patient outcomes improved. 18 The standard of early initiation is becoming a marker for the quality of care in patients in the critical care units. 15 The delayed initiation of EN is not justified in the setting of modern evidence-based medicine.
Total caloric needs and management
Current medical practices encourage that a target goal of EN (defined by energy requirements) should be determined and clearly identified at the time of initiation of nutrition support therapy (see Table 1 ). In spite of this guideline, none of the national guidelines recommend a specific, "gold standard" tool to calculate the total caloric requirements of a patient. This complex calculation is based on the severity of the patient's medical conditions, the patient's body mass index, and the clinician's experience and plan. One tool often utilized in this calculation is indirect calorimetry. 13, 15 Even with this tool, it is challenging to determine the exact caloric needs of each patient.
Adding to the complexity of the situation is the fact that standard markers of nutrition are often unreliable in critical illness. The inflammatory response common to trauma, sepsis, and many forms of acute critical illness stimulates the production of positive acute phase reactants, such as C-reactive protein, while inhibiting production of albumin, retinol binding protein, and pre-albumin (transthyretin) which are the most commonly used nutritional markers. This inflammation-induced decrease in production limits their utility as markers in critical illness and likely reflects the course of the primary illness rather than the nutritional status. 3, 19 A review article on this subject affirms the weak correlation of most acute phase reactants and clinical outcomes in the ICU; however, specific proteins measured serially, namely C-reactive protein, transthyretin, and retinol-binding protein, appear to be more sensitive to the nutritional status in those patients. 19 
Gastric residual volumes
Another common problem is ensuring that the total prescribed calories for a critically ill patient are actually being delivered. Historically patients have often had their enteral feeding reduced or withheld based on gastric residual volumes (GRVs) which were used as a marker of food intolerance; this resulted in patients receiving significantly fewer calories than intended. The use of GRVs a potential factor preventing successful management since some providers errantly use GRV as a clinical tool to correlate gastric emptying and abdominal distension. Other clinicians inaccurately use GRV as a proxy for risk of pneumonia, regurgitation, or aspiration. While there is literature evidence to support both sides of the argument, the majority favors the idea that GRV is not an appropriate tool to assess the previously mentioned entities. 3, 8, [20] [21] [22] In fact, a recent French study claimed that the omission of GRV monitoring might be beneficial and improve patient outcomes. 22 The lack of GRV data in this study did not influence rates of ICU-related infection, ICU length of stay (LOS), or mortality when compared to their control arm. One strong argument against the use of GRV is that it leads clinicians to premature cessation and inappropriate withholding of NT, essentially starving critically ill patients. 20 AS-PEN, the Society of Critical Care Medicine (SCCM), and other national societies recommend the avoidance of holding EN for a gastric residual volume <500 mL in the absence of other signs of intolerance (see Table 1 ). There are other clinical tools to help providers in their assessment of patient tolerance to EF. The time-intensive and costly nature of scintigraphy limits its use in the ICU setting; newer techniques, such To further address the issue of poorly managed NT, national guidelines additionally recommend the use of EF protocols, and claim that its use alone increases the overall percentage of goal calories provided to critically ill patients (see Table 1 ). Such protocols provide specific orders that determine the optimal sequence of NT initiation, goal rates, frequency of flushing, and other easily overlooked precautions. Compliance with NT protocols minimizes variation in medical management, increases the percentage of nutrition actually delivered, and effectively reduces patient intolerance and GRV. 23 While utilizing protocols takes time for development and implementation, and may reduce provider autonomy, the benefits probably outweigh the potential losses.
Prolonged fasting and interruptions of feeding for procedures
Critically ill patients, especially those with primarily surgical problems, are frequently made NPO for operations and procedural interventions, and this management represents another barrier to delivering adequate nutrition. Historically patients had their feeding discontinued the night before the procedure or at least 8 hours prior; current guidelines advise against this prolonged fasting period, and recommend that the time period a patient is made NPO prior to, during, and immediately following the time of diagnostic tests or procedures should be minimized to prevent inadequate delivery of nutrients and prolonged periods of ileus. Ileus may be propagated by NPO status (see Table 1 ).
A recent retrospective observational study reported that trauma ICU patients, whose average ICU LOS was about 19 days, had EN stopped for planned procedures for a mean duration of 30 hours per patient. 15 This is a significant amount of time to be without nutrients for these critically ill patients whose metabolic demands are already increased. One study found that enteral feeding was more likely to be held by experienced surgeons, anesthesiologists, and nurses.
14 More specifically the study reported a strong correlation with seniority and the non-compliance of recommendations in the ICU population.
While this non-compliance is a serious concern that needs proper attention at every institution, several studies have demonstrated the influential role of NT education programs, even among the senior healthcare providers, with a rapid shift from non-compliance to compliance with basic education programs.
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A teAm ApproAch
A practical solution to these complicated management issues is to implement a multidisciplinary team with dietitians and nutritional therapists. This team approach can improve patient outcomes and reduce overall costs. 10, 13, 24 A study at Albert Einstein Medical Center reports that the use of NT specialists could reduce preventable costs by as much as $156,654 per year. 24 Likewise, the presence of educated NT team correlated with patients receiving more EN (6.7 vs. 5.4 per 10 patient-days) and reduced overall LOS (25 v 35 days). 15 Without this multidisciplinary approach, the providers' lack of comfort with NT and incomplete documentation yields subpar results and, ultimately, will lead to poor patient outcomes.
conclusIons
Multiple studies have shown that NT, when properly instituted, can significantly impact patient management. Indeed, the effects of its implementation have been shown to reduce infection rates, improve wound healing, decrease both hospital and intensive care center length-of-stay, and decrease mortality. 8, 10, 12, 25, 26 Studies have also demonstrated that effective application of NT can also reduce overall costs in the management of patients.
As the role of NT in medicine increases and the application becomes more precise, it is necessary to address the discordance between the evidence-based recommendations and usual practice amongst healthcare professionals. Providers need to be confident in knowing when and how to manage NT.
As the cited studies have demonstrated, successful implementation of an NT education program improves efficiency and provider comfort with medical management. Additional resources ought to be committed to revise and optimize nutrition education programs for medical training institutions. This is a proven method that rapidly impacts the application of this knowledge and overall compliance with national guidelines.
